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Introduction.

FOR more than a hundred years there have been in the literature satisfactory
descriptions of infantile tetany. J. Clarke (1815) (1), Cheyne (1819) (2), and
Marshall Hall (1841) (3), and doubtless others reported the clinical histories of
patients with convulsions, spasm of the glottis, and contractures of the hands and
feet with sufficient detail to allow us to recognize that they were dealing with
tetany. Moreover, they realized themselves that these symptoms were frequently
found together and that the presence of one was presumptive evidence of the
presence of others. Yet for a long time these excellent observations were
overlooked, and attention was directed to the search for the cause of single
symptoms rather than for the explanation of the disease as a whole.

After a lapse of many years Cheadle (4) redirected attention to the fact
that all the symptoms that had been the subject of individual study were after
all manifestations of a common fundamental condition that varied in so far
as it allowed various combinations of these symptoms to find expression. He
insisted also that the tetany of infants and the tetany of adults were essentially
similar. One of his statements might, even now, stand as representative of the
most modern opinion: 'But in the vast majority of cases there exists as a pre·
disposing cause a special constitutional state, in which the nervous system is in
an extreme state of hyperexcitability or motility-a state of " erethism" as it is
called, and in this state slight causes of' irritation which would be innocuous in
a condition of stability set up the muscular motor spasm of laryngismus, tetany,
or general convulsions.'

The Diagnostic Criteria of Tetany.

Before this statement of Cheadle, three diagnostic measures or signs had
been devised for the recognition of tetany during or in.the intervals between its

[Q. J. M., July, 1918.) X
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clinical manifestations. These were Trousseau's phenomenon, Chvostek's or the
facial phenomenon, and Erb's sign, or hyperexcitability 'to the galvanic current.
But for some years it was only the first of these that was noticed to be applicable
to the tetany of children. Trousseau observed the assumption of the typical
'main d'accoucheur' position by a young child when the blood-vessels of the
arm were constricted. When the attempt was made in the early nineties of the
last century to utilize these signs for the diagnosis of infantile tetany much
opposition was encountered, and it was vigorously asserted that the tetany
of infants and the tetany of adults were two separate conditions bearing no
relationship, and that therefore the criteria for the diagnosis of the one were
inapplicable for the diagnosis of the other. It is unnecessary to argue here as to
the unity or duality of the conditions-it is enough that these signs are the final
criteria upon which many a diagnosis of tetany is based. Moreover, during the
period of quiescence of the symptoms or during the' latent' period before the
development of symptoms, it is by them and' by them alone that we can recognize
the presence of tetany.!

The valuation to be put upon these symptoms has undergone some change
and there is not yet entire agreement as to their specificity. It is generally
agreed that Trousseau's sign is indicative of tetany. It occurs so far as known
in no other condition. It is, however, frequently absent with frank, outspoken
tetany. Its absence therefore indicates nothing. Regarding Chvostek's sign
there is much difference of opinion. It is often found with older children when
there is to be obtained no history of tetany and no symptom even suggesting
it. It is far more common in older children than in infants. Thiemich (5)
and Herbst (6) maintain that it invariably points to tetany. In the opinion
of the majority this is too sweeping a statement, and we believe it to be so for
older children, but we have never found the facial phenomenon in children
under two years of age unless other unmistakable evidences of tetany have
also been present. In children over three years it is not uncommonly found,
especially in its milder grades. We therefore do not attach great importance
to Chvostek's sign after the second year unless it is especially marked.

Hyperexcitability to the galvanic current in adult tetany was first
mentioned by Erb in 1874 (7). He observed a uniform increase in the reactions
but made no quantitative determinations. Escherich and his assistants were the
first regularly to apply electrical reactions to the diagnosis of tetany in infants.
Though passing reference should be made to the fact that Stewart had observed,
in 1889, that a galvanic hyperexcitability was present in infantile tetany, regular
application of electrical reactions to the diagnosis of tetany first began to be
made after 1890, following the observations of Escherich (8), Gangbofer (9),
Burckhardt (10), and others. A satisfactory basis for the utilization of this
method of diagnosis was laid by the work of Thiemich (11) and Mann (12) in
1899. They called attention to the fact that the most definite information is to

1 We consider as tetany or ' latent' tetany the conditions variously spoken of as ' spasmo
philia " 'the spasmophilic diathesis " &c.
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be obtained from the amount of current necessary to cause a cathodal opening

contraction. In young, normal infants this contraction is not obtained with
a current of less than 5 milliamperes, whereas in the presence of tetany a con
traction with a current less than this is regularly obtained. Cathodal closure
tetanus, which renders determination of the opening contraction impossible with
a current less than 5 milliamperes, has the same significance.v This diagnostic
criterion has received general acceptance.

Von Pirquet has called attention to the frequency of an anodal hyperexcita
bility in tetany as shown by an anodal opening contraction with a current less
than 5 milliamperes and by a reversal of the anodal contractions, that is, an
anodal opening contraction occurring with a current less than is sufficient to
cause an anodal closing contraction." Von Pirquet (13) believes that this anodal
hyperexcitability, in the absence of other symptoms, indicates a latent form of
tetany. Holmes (14) has recently made a very comprehensive study of the
electrical reactions, and has shown that many apparently normal children over
six months of age show a reversal of the anodal reactions and frequently have
an anodal opening contraction with a current less than 5 milliamperes. As age
increases this is found more and more often, and is present in the majority of
children of five years or more. He therefore believes that the anodal hyper
excitability can only be considered indicative of tetany in the first six months
of life, when the nerves are most refractory to the passage of the current. Tetany
in older children is to be diagnosed by means of anodal reactions only when
the reversal is present and when the contractions occur with a very weak
current, i. e. less than 2 milliamperes.

Theories as to the Causation of Tetany.

The diagnosis of tetany at the present day from clinical symptoms and by
means of the accessory diagnostic signs may be made with sufficient accuracy;
it is another matter to determine what it is that brings about this strange
hyperexcitability of the nervous system to insults and stimuli of all kinds.
There have been many hypotheses suggested. None have been as yet entirely
convincing. It has been vigorously insisted by Kassowitz and his adherents
that tetany is only a symptom of rickets. It is quite true that rickets is usually
to be found associated with tetany, and that tetany is most common during the
winter and spring months, when active rickets is also most frequently seen.
The chief objections to this hypothesis are that tetany is found at times when no
rickets is discoverable and that very many children with the most extreme
evidences of rickets never manifest any evidences of tetany. If tetany were

2 Thiemich and Mann used the median nerve. The same statement also applies if other
nerves are used. It is our custom to use the peroneal nerve.

3 With the majority of healthy infants an anodal closing contraction takes place with
a current less than is required to cause an anodal opening contraction.

X 2
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merely a symptom of rickets, there should be a greater parallelism between the
severity of the two.

Tetany has been referred to an improper diet, to an absence of breast milk,
or to an excessive quantity of cow's milk. Finkelstein believed the offending
substance to be contained in the whey of cow's milk. That no food can beheld
solely responsible is shown by the fact that tetany may be seen after almost any
form of diet. Children may manifest it after receiving cow's milk in too large
a quantity or when the milk intake has been carefully regulated. They may
show tetany when receiving a preponderately carbohydrate diet, or they may
develop tetany (and this is especially frequent with the coloured) when receiving
the breast exclusively. Infants may begin to improve at once when, after a too
exclusive carbohydrate diet, cow's milk in moderate amount is added. The
same may be true when carbohydrate is added to feedings of milk alone. While
breast-feeding usually brings about a cessation of the manifestations of tetany,
it does so only slowly, and the continuation of breast-feeding to an infant
already suffering from tetany, even if it be breast-feeding by another woman,
does not improve matters. Noone can deny that tetany is far more common in
the artificially fed than it is in the breast fed, but it is difficult to go farther and
say why this is so or what substance it is that by its presence or absence is
responsible for the production of tetany.

Tetany has also been referred to the absence of an essential substance or
'vitamine' in the diet. In support of this view may be -mentioned the pre
ponderance of tetany among the artificially fed and the considerable improvement
brought about by cod-liver oil.' Against this' view is the fact that many cases
of tetany are to be seen when the diet of the infants has been composed wholly
or in part of cow's milk, which has not been heated so as to destroy the
, vitamines '. This view is in accordance with the prevalent opinion regarding
many of the obscure nutritional disturbances, but it lacks any very definite
proof.

Noel Paton (15) and his collaborator have recently made an extensive
study of tetany in animals and in human beings. They believe that the tetany
of animals deprived of their parathyroid glands and the idiopathic tetany of
infants are similar as regards their characters and metabolism, and that both are
due to some error in metabolism whereby an intoxication by guanidin and
methylguanidin takes place. Until the chemical studies upon which these
conclusions are based can be repeated and confirmed it would be premature to
venture a definite opinion regarding them. There are certain facts, however,
that merit consideration. In the first place, enough studies: have been made to
show that parathyroid lesions in infantile tetany are the exception and not the
rule, unless we assume that fatal tetany may result from purely functional
disease of the parathyroids, no lesion remaining to give evidence of this fatal
perversion of function. It should also be stated that parathyroid lesions as

4 It is, however, asserted by several authors that no better results are obtained from cod
liver oil than from any other oil, unless phosphorus is also given.
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severe as have been found after tetany may occur in patients who, during life,
have shown absolutely no evidences of tetany, electrical or otherwise. The
studies of Yanase (16) from Escherich's clinic, that led Escherich to place so
much emphasis upon lesions of the parathyroids as the cause of tetany, have not
been sufficiently confirmed. Another possible ground for criticism of Paton's
conclusions is found in the small number of observations upon children and in
the unsatisfactory ages of those children used for control. In his tables there
is no mention of ages either among those free from or those suffering
from idiopathic tetany. Most of the control patients were suffering from
valvular disease or chorea, diseases which do not attack children of the
tetany age. Finally, granting that the analytical method used by Paton deter
mines guanidin and methylguanidin alone, no proof has been brought forward
that the substances have accumulated in the blood of children. The blood of
parathyroidectomized dogs was examined, but not that of children. Con
firmation of these results and more extensive observations upon infants are
required.

We have briefly mentioned above some objections to the view that para
thyroid disease is the cause of infantile tetany. That there are many points of
similarity between the tetany of parathyroidectomized dogs and human tetany
is true. The symptoms are much alike as are also the electrical reactions.
The changes that MacCallum and Voegtlin (17) found in the calcium of the
blood are, as will be seen later, strikingly like those that we have found in the
tetany of infants. But the experiments of Binger (18), to which allusion will
shortly be made, show that typical tetany may be produced in dogs when
the parathyroids are left entirely undisturbed. "I'he burden of proof rests upon
those who maintain the unity of the two conditions, and the proof is not yet
complete.

The Role of (lalcium» in the Pathogenesis of Tetany.

More attention has probably been paid to calcium as a factor In the
production of infantile tetany than to any other chemical substance. The close
connexion between rickets and tetany, in the former of which there is a known
error of calcium metabolism, has been sufficient to suggest to many a somewhat
similar disturbance of calcium metabolism in tetany.

A great stimulus to the study of the relation of calcium to tetany was
given by the observation of Sabbatani (19) and other Italian investigators, that
a solution of calcium applied to the brain diminished its irritability to electrical

•stimulation, but substances that caused a precipitation of calcium, such as
oxalates or citrates, brought about an increased irritability. Quest (20), Cohn (21),
and Aschenheim (22) examined the brains of children dying from tetany and
from other causes. Although there was a considerable diminution of the
calcium in some of the tetany cases, there was little regularity in the results,
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and the observations were so few that no definite conclusion is to be drawn
from these studies.

Gregor (23) made observations upon two children that seemed to prove
that woman's milk diminished and cow's milk increased the electrical excitability
of infants. Finkelstein thereupon emphasized the importance of cow's milk in
producing tetany and concluded that as casein and fat did not increase the
symptoms, it was some constituent of the whey that was responsible. Stoeltz
ner (24) then put forward the hypothesis that tetany was the result of poisoning
by calcium, caused by an accumulation of calcium in the blood, in consequence
of a clogging of the usual paths of excretion. He supported his hypothesis by
some electrical reactions made after giving calcium to infants and by some
remarkable physiological considerations. Faulty as was Stoeltzner's reasoning,
his paper nevertheless stimulated a number of men to undertake somewhat
similar observations in an effort to disprove his views. Bogen (25), Risel (26),
Rosenstern (27), von Pirquet (13), and Zybell (28) gave calcium in various
forms and in varying doses by mouth. They determined its action by the effect
upon the electrical reactions. Not only did they find no exciting influence, but in
the majority of instances quite the opposite was found. All came to the conclu
sion that there was no reason to believe in the truth of Stoeltzner's hypothesis.

The favourable therapeutic influence of calcium upon tetany which will
subsequently be discussed, gives weight to the view that a deficiency of calcium
may playa part in the production of tetany.

Studies upon the calcium metabolism of infants with tetany, have been
made by von Cybulski (29) and Schabad (30). The former found a very slight
calcium retention during active tetany and a greatly increased retention during
convalescence. Schabad's results were similar. He came to the conclusion
that there was absolutely no difference to be determined between the metabolism
of uncomplicated rickets and of rickets complicated by tetany, and stated that
the information to be desired could be obtained only by analyses of the blood.
He, however, made none. It is not to be expected that with the ordinary
metabolism methods a differentiation between rickets and tetany could be made.
A loss of an excessive amount of calcium does not necessarily mean that the
calcium in the blood is low. Following poisoning with acids there is a marked
excretion of calcium, and the same occurs in diabetes, yet Allers and Bondi (31)
found a very greatly increased calcium content of the blood after poisoning
rabbits with hydrochloric acid.

The attempt has been made by Neurath (32), Cattaneo (33), and Longo (34)
to determine the calcium in the blood. Neurath used Wright's method, which
depends upon the amount of oxalate that must be added to prevent the coagula
tion of blood. It is supposed to show differences in the amount of free calcium
ions. It gives relative but not absolute figures. Neurath examined the blood
of fifteen infants with various manifestations of tetany of more or less severity.
He found in general a reduction of the calcium. No determinations were made
upon patients with rickets alone.
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Cattaneo and Longo have made gravimetric determinations of the calcium
in the blood of a few normal children and of a few with tetany. Oattaneo does
not give his method nor the ages of the children, nor does he mention the amount
of blood used in the determinations. He found the following percentages of
CaO in the blood:

I. Healthy.
II. Rachitic.

III. Cured of tetany
IV. Tetany .
V. Tetany.

VI. 'Girospasm'.
VII. Eclampsia

0·6832
0·3060
0·3156
0.0240
0·0219
0·0114
0·0877

Without knowing the methods of analysis, one cannot tell how much
importance should be attached to these figures. That scepticism regarding them
is justifiable is shown by the enormous quantity of Ca found in the blood of
the normal child, a far greater amount than has ever been determined before
or since, and by the great difference between this amount and that found in
tetany. .The difference in one instance is 6,000 per cent.

Longo determined gravimetrically the calcium in the blood of eight children,
using 25 c.e. of blood. The determinations were apparently not made in
duplicate. His figures for the percentage of OaO in the blood were as follows:

I. Tetany, severe, 22 months
II. Tetany, latent, 24 months

III. Tetany, severe, fatal
IV. Normal, 15 months.
V. Normal, 36 months.

VI. Norma], 30 months.
VII. Norma], 17 months.

VIII. Normal, 24 months.

0·01718
0·01662
0·0252
0·02116
0·01750
0·01406
0·02078
0·01949

Longo stated that the great differences between his figures and Cattaneo's
were perhaps referable to the fact that Cattaneo used younger children, a sup
position unjustified in the light of our determinations. Longo concluded, 'It is
impossible to establish any relationship between the calcium contained in the
blood and any spasmophilic manifestation '.

The studies upon parathyroid tetany in animals are of great interest on
account of the influence of parathyroidectomy upon the calcium of the blood.
MacCallum and Voegtlin (17) and MacCallum and Vogel (35) have shown that
after parathyroidectomy tetany appeared when the calcium of the blood
was diminished about one-half, and that the symptoms of tetany could be
promptly, though only temporarily, relieved by the intravenous administration
of calcium salts.

Over a year ago we showed (36) that in the acidosis of nephritis there is a
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great accumulation of inorganic phosphates in the blood serum, and that when
the phosphates are increased there is a reduction of the calcium, sometimes
to a very low point. On the basis of these findings Binger (18) has recently
published most interesting observations upon the effect of the intravenous
administration of phosphate solutions to dogs. When sodium phosphate in
sufficient quantity and at the right reaction is injected, definite tetany results
with a marked decrease in the calcium of the serum. If the solution injected
has a hydrogen ion concentration greater than 10-6 no tetany results even
though the calcium drop occurs.

The Calcium of the Blood under Norrmal Conditions.

We have studied the relationship of calcium and infantile tetany during
the last two and a half years. It is apparent that merely from the determination
of the intake and excretion of calcium little can be learned. It is of prime
importance to determine the quantity of calcium circulating in the blood.
With the usual methods of analysis this has been impossible unless 50 or 100 e.e.

were withdrawn, with double the amount if duplicate determinations were made,
an impossible procedure with living infants. It was therefore necessary to
develop an accurate method that would allow duplicate determinations to be
made with a small amount of blood. This we have done (37). The method is
sufficiently exact to determine the calcium in 2 e.c. of serum with an error ,of
not more than 5 per cent. The method is time-consuming and requires a con
siderable degree of experience in the various manipulations and in the final
readings, but others beside ourselves have used it with as much success as have
we. The method depends upon the ability of the oxalate ion to decolorize
a solution of ferric thiocyanate. The calcium of the serum is isolated as the,
oxalate; this is dissolved in dilute hydrochloric acid and is determined by com
parison with the decolorization produced by a known amount of oxalic acid.
We have used blood serum in our determinations, for there is practically no
calcium contained in the corpuscles. This obviates the necessity of removing
the iron or of considering the number and volume of the corpuscles. The results
upon serum under normal conditions are almost exactly twice as great as upon
whole blood, since approximately fifty per cent. of the volume of the latter is
corpuseles,

We determined first the calcium in the serum of normal persons. The
amounts found are given in Table 1.
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TABI~E I. Normal,

Milligrarn~B of Colciuat: per 100 c.c, of Serum»,

Placental
Placental
Placental
Placental
6 weeks
3 months
3 months
5 months
15 months
Adult .
Adult .
Adult.
Adult.
Adult .
Adult .
Adult .

11·3
11·0
10·8
10·7
11·0
10·0
11·0
10·8
11·0
11·2
11·3
9·2

10·0
10·3
11·0
9·8

It will be seen from the table that the quantity of calcium in placental
serum and in the serum of normal patients is singularly constant. In almost
all instances, no matter what the age, and in all instances with infants it was

above 10·0 mg. and it is seldom more than 11 mg.

The Calcium of the Blood in Rickei«:

On account of the frequent association of rickets with tetany it was
necessary to determine if any changes in the calcium of the serum result from
rickets alone. We have therefore studied a considerable number of cases of
rickets. It is well recognized from pathological studies, particularly those
of Schmorl (38), that rickets is often not a continuous process. There occur
periods of remission and exacerbation, sometimes several in succession. These
are difficult to determine from clinical symptoms alone, especially if one relies
upon alterations in the bones. In these periods of remission it has been shown
by metabolism studies that calcium is retained; in the periods of exacerbation
there is either an insufficient retention or an actual loss of calcium. In order
to obtain, if possible, blood from patients with active rickets we have made our
studies only in the winter and spring months, when it is known that rickets is
most prevalent and apt to be active. We have also studied a series of infants
with early manifestations of the disease. The presence of a considerable pro
portion of coloured patients in our out-patient department makes this possible.
These coloured infants, even when breast fed, frequently manifest severe
evidences of rickets after the fourth month.

.The eight four months old infants that we have studied showed cranio

tabes, sweating about the head, and enlarged spleens, which were not due to
syphilis. One patient only had a positive Wassermann reaction. It is, in our
opinion, not likely that, with marked symptoms at what must be a short time
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after the onset of the disease, these cases would be in a condition of remission.
We have therefore called them 'active'. At a later period than this it is
difficult to speak with such assurance. With older patients we have called
the symptoms' mild', 'moderate', or 'marked' according to the changes in
the skull and epiphyses, the delaying of dentition, and the alterations in the
density of the bones and at the epiphyses as shown by the radiograph.
The one case marked' very severe' was in a twenty-three months old child who
died as the result of thoracic rickets and atelectasis. There were multiple frac
tures. The following are the results obtained in 21 cases:

TABLE II. Rickets.

JYlilligrar;ns of Calcium pm' 100 c.c. of Serum:

No. Child. Race. Age. Type of Rickets. Calcium.

1 A. T. Coloured 4 months Active 10·9

2 R.W. Coloured 4 months Active 9·0

3 C. J. Coloured 4 months Active 10·5

4 L.D. Coloured 4 months Active 7·9

5 D. S. Coloured 4 months Active 9·0

6 G.D. Coloured 4 months Active 8·0

7 E. F. Coloured 4 months Active 9·0

8 H.L. Coloured 4 months Active 8·3

9 E. B. Coloured 4 months Active 9·3

10 B. S. Coloured 6 months Mild 10·9

11 M. S. White 6 months Mild 10·7

12 C. F. White 6! months Moderate ~
8·6
g·O

13 M.S. White 8 months Mild 10·9

14 T.L. White 8 months Moderate 9·0

15 L.W. White 8 months Marked 10·5

16 F.F. White 9 months Marked 9·0

17 E.V. White 10 months Mild 8·0

18 R. Q. Coloured 12 months Mild 9·8

19 R. Q. Coloured 14 months Mild 8·8

20 J. M. White 20 months Marked 10·0

21 S. J. Coloured 23 months Very severe 9·3
--

Average 9·4

An examination of the figures in Table II shows that in more than a third
of the cases the figures fall within the normal limits, and this even when the
disease was presumably active (in the fourth and sixth months). In nine cases
there was a slight reduction, so that there were found between 9 and 10 mg. of
calcium per 100 e.c. In five cases the calcium content was from 7·9 to 8·8 mg.
The lowest amount that we have found in apparently uncomplicated rickets
was 7·9 mg. We may say, then, that with rickets there is no great reduction
in the calcium, that while the calcium may be reduced as much as 2 mg. per
100 c.c, (20 per cent.) the considerable majority show a reduction of 1 mg.



CALCIUM CONTENT OF THE BLOOD IN INFANTILE TETANY 299

(10 per cent.) or less, and that with cases of apparently active rickets there may
be no reduction whatever. The calcium reduction does not seem to be obligative.
Attention should be called here to a question which subsequently will be more
fully discussed. A number of the children, the calcium content of whose serum
was below 10 mg., were studied electrically. There were eight of these, and of
them seven demonstrated an anodal hyperexcitability. Of four whose calcium
content was normal only one showed an anodal hyperexcitability. The possibility
of a very early tetany should be kept in mind as an explanation for the low
calcium. But even then the reduction is not great and cannot be compared in
any way to that occurring with cases of active tetany, as will shortly appear.

Coleiu/m. of the Blood in Tetany.

In choosing cases of tetany for study we have taken those regarding the
diagnosis of which there could be no doubt whatever. An of the children had
had or were having convulsions, with all there was a cathodal opening con
traction with a current less than '5 milliamperes, a number had spasm of the
glottis, and with many Trousseau's sign or a marked facial phenomenon, or both,
were demonstrated.

The following are the histories, in abstract, of the patients we have studied:

C.O.
>5

C.O.
4·5

A.O.
5·0

A.C.
2·0

C.C.
1·1

Oalcium in serum, 10 1ng. per 100 c.c.

Case I. Mary G. 10,464. White. 8 months.
Nursed two months, then received half milk and half water. Much vomiting

and constipation. March 16, 1916, had convulsions and from time to time since
then carpopedal spasm.

Admitted to the hospital March 27, with otitis media and bronchitis. Child
poorly nourished, slightly rachitic. Weight 12 lb. 11 oz. Chvostek, O.

March 27. Electrical Reactions: C. C. A. C. A. O.
0·8 2·0 0·8

Calcius« in serum, 6·0 rrng. per 100 c.c.
Child had fever for twelve days. No more convulsions. Improved rapidly

thereafter.
April 22. Electrical Reactions:

C.O.
4·5

A.O.
1·0

A.C.
3·0

C.C.
0·4

Calciuan. in serum, 5·7 mg. per 100 C.c.

Case II. Anna H. 13,936. Coloured. 5 months.
Breast fed for four months, then received supplementary feedings of con

densed milk. Since a month of age, child has had snuffles and for a week
eruption on face and scalp. A few days before admission had' spells' in which
she stiffened out and clenched her fists. She had a crowing inspiration. The
convulsions were very frequent, occurring every half-hour to an hour. Admitted
to the hospital on the 19th of April. A poorly nourished infant, weighing
9 lb. 8 oz. Evidences of syphilis. Wassermann, + + + +. Signs of consolida
tion at right base, posteriorly. Temperature irregular, between 99° and 104° F.
Chvostek, +. Trousseau, O.

April 19. Elect1'ical Reactions:
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C.O.
>5

A.O.
4·5

A.C.
>5

C.C.
1·8

Calcium in eerwm, 7·5 rng. per 100 C.c.

Calcium chloride given, grm. 0·5 q. 4 h. No more convulsions. May 7,
calcium chloride discontinued.

May 16. Elecirical Reactions:

0.0.
2·0

C.O.
>5

C.O.
>5
>5
>5

A.O.
1·1

A.O.
4·0

A.a.
3·8
5·0
5·0

A.C.
1·8

A.O.
>5

A.C.
>5
>5·0
>5·0

calcium chloride. On May 22

C.O.
2·0

Calcium. in eerwm, 8·0 mg. per 100 c.c,
Magnesium in serum, 3·0 mg. per 100 c.c,

C.C.
0·8

Calcium, in serum, 5·5 mg. per 100 C.C.
Oalcium chloride given, grm. 0·5 q. 4 h.

May 4. Electrical Reactions: O.C.
1·2
2·0
2·2

May 18. Electrical Reactions:
.J.lfay 22. Electrical Reactions:

Calciurn in serum» 8·5 rng. per 100 c.c,
Magnesium in serum, 2·7 mg. per 100 e.e.
There were no convulsions after giving the

this was stopped.
May 28. Electrical Reactions:

Case III. Sadie J. 14,069. Ooloured. 9 months.
Breast fed, whenever infant cried, for three months; thereafter rice, barley

water, and cereals in addition. History very unsatisfactory.
April 23. There was a general muscular spasm and these convulsions

have been repeated since.
April 30. Admitted to the hospital. A poorly nourished coloured child,

weighing 12 lb. Marked evidences of rickets. Chvostek, +. Trousseau, O.
Slight carpopedal spasm.

Electrical Reactions:

0.0.
>5

C.O.
3·6

Seen on the 17th

A.O.
3·0

A.O.
1·6

A.O.
>5

A.C.
3·2

Case 1V. Edward N. 13,992. White. 13 months.
Breast fed alone for thirteen months. Then received orange juice, farina,

bread and butter, and tea. Well up to present illness. On February 2 child
had a convulsion without any apparent cause. The first week in March had
two or three convulsions and thereafter an increasing number, often as many as
four or five a day. Mother had noticed carpopedal spasm and inspiratory crow.

Immediately after admission to the hospital on the 23rd of April child had
another convulsion. He was stout and well-nourished, with slight evidences of
rickets. Chvostek, +. Trousseau, +.

April 23. Electrical Reactions: O.C.
0·5

Oolciuni in serum, 5·0 'J11g. peT 100 c.c,
Calcium chloride given, grm. 0·5 q. 4 h.

April 27. Electrical Reactions: O.O.
2·0

Calcium in serum, 7·0 mg. per 100 c.c,
No more convulsions after calcium chloride medication.

of May. No more convulsions and seemed entirely well.

Case V. John P. 9,022. 5 months. White.
Artificially fed from birth. On the 13th of January developed convulsions.

Admitted to the hospital on that day and had a series of convulsions immediately
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C.O.
2·0
1·5

A.O.
1·6
1·1

A.C.
2·4
0-4

after admission. These were controlled with difficulty by magnesium sulphate
subcutaneously and by chloroform and chloral. A poorly nourished child,
weighing 10 lb. 12 oz.

Januarry 13. Electrrical Reactions: C. C.
0·8

J anua'J'Y 15. Electrical Reactions: 0·3
Calcium in the eeru/m, 5·0 mg. per 100 c.c,
The convulsions continued unabated, there was much difficulty with In

spiration, and the child died of exhaustion on January 26.

C.O.
>5

0.0.
2·0

A.O.
0·7

A.C.
2·5

Case VI. William P. 13,111. Coloured. 3 years 4 months.
Had been breast fed for a year and thereafter had received a general diet.

On January 18 became suddenly ill with fever and with pain in the extremi
ties. He was admitted to the hospital on January 19, with a temperature of
1040 F., and with marked evidences of bronchitis. He had had a convulsion
before admission to the hospital. Chvostek, +.

J anfuary 18. Electrrical Reactions: C.C.
0·3

Calcium in serum, 5·8 rng. per 100 c.c.
The temperature fell to normal within two days after admission. He im-

proved very rapidly and went home on the 25th of January. .

Electrical Reactions on discharge: O. C. A. C. A. O.
1·5 3·0 2·8

Oase VII. George S. 13,809. White. 5 months.
Child never nursed. Mellin's food and milk since birth. Two days before

admission to hospital began to have convulsions, and these were repeated at
irregular intervals. Admitted to the hospital April 3. A moderately nourished
child with slight evidences of rickets. Carpopedal spasm slight. Trousseau, +.

Aprril 3. Electrical Reactions: O. O. A. O. A. O. C. O.
1·0 3·0 1·0 3·4

Ualciu/m. in eeru/m, 3·5 mg. perr 100 c.c.
Magnesium in serum, 2·7 mg. per 100 c.c.
April 5. Calcium chloride given, grm. 1·0 q. 4 h.

.ApTil 15. ElectTical Reactions: C. C. A. C.
2·2 >5

A.O.
>5

0.0.
>5

Calcium in seru/m, 7·5 mg. per 100 c.c.
Magnesium in serum, 2·2 mg. per 100 c.c.
The evidences of tetany disappeared after taking calcium, but the tempera

ture of the child, which was elevated on admission, remained continuously high
and he developed signs of consolidation at both bases. He died on the 20th of
April without any recurrence of his symptoms of tetany.

C.O.
1·0

Case VIII. Margaret S. 13,122. Coloured. 6 months.
Breast fed for one month and thereafter received additional feedings of milk

and water with bread. Foul' days before the child was admitted to the hospital
the mother noticed that her milk stopped and that her hands were contracted.
For two days she had had some difficulty with respiration. The day before
admission the feet became stiff. She was admitted on the 20th of January,
a well-nourished child, weighing 13 lb. Slight evidences of rickets. Hands
and feet in typical position of tetany. Ohvostek, +. Trousseau, +.

January 20. Electrical Reactions: C. C. A. C. A. O.
0·1 0·8 0·5

Calcium in serum, 5·0 rng. per 100 e.c.
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0.0.
0·9

>5

C.O.
2·0
4·8

C.O.
>5

C.O.
1·4

s.o.
0·6

A.O.
1·0
1·1

A.O.
1·8
2·8

A.O.
0·5

A.C.
0·5

A.C.
>5
>5

A.C.
1·6

C.C.
0·4

C.C.
0·8

March 29. Electrical Reactions: 1·4
Calcium iTI; seruan, 8·5 mg. PC?' 100 c.c.
.Magnesium in serum, 1·7 mg. per 100 c.c,
Discharged on March 31. Chvostek, +. "I'rousseau, O. Still taking calcium.

Two days later developed a high fever, the result of bronchitis (104° F.), and for
a few hours had carpopedal spasm. Temperature fell within less than twenty
four hours and the carpopedal spasm entirely disappeared. No calcium studies
made at this time.

Case IX. Irvin J. 9,269. Coloured. 18 months.
Nursed to date. Two days before admission to the hospital on February 20

the child had general convulsions. He was well nourished, weighing 16 lb.
Moderate evidences of rickets. Marked carpopedal spasm. Chvostek, +.
Trousseau, +.

Febrttary 20. Electrical Reactions:

C.C.
0·2

Oalcium in the serum, 4·5 mq. per 100 c.e,
Magnesium in the serum, 1·6 mg. per 100 c.c,
Calcium lactate ordered, grm. 1·0 t, i. d.
March 22. Trousseau, O. Chvostek, +. Spasm of the glottis less marked.
Electrical Reactions: C. C. A. C. A. O. C. O.

0·4 2·8 1·2 2·8
Calcium lactate stopped and calcium chloride ordered, 0·5 grm, every

four hours.
March 23. Electrical Reactions:

Feedings: Breast milk, five feedings, 4 oz. each. Received 6 o.e. of 16 per
cent. solution of magnesium sulphate intramuscularly.

January 27. Electrical Reactions: C.C. A. C.
0·5 2·5

February 13. Electrical Reactions: 0·6 4·8
Oalcium in the serum, 6·3 rng. per 100 c.c,
Discharged from hospital much improved.
Ma?'ch 9. Brought back to the dispensary. Carpopedal spasm had returned,

also spasm of the glottis. Chvostek, +. Trousseau, +.
Calcium in the serum, 5·0 mg. per 100 c.c,
March 17. Carpopedal spasm increased. Admitted to the hospital. Spasm

of the glottis marked.

Electrical Reactions:

C.O.
>5

A.O.
>5

A.C.
2·8

Oalcium in eerum, 4·7 mg. per 100 c.c.
Inorganic phosphorus in serum, 3·0 mg. per 100 c.e.
February 21. Calcium chloride given, 0·5 grm. every four hours. There

after no more convulsions and rapid disappearance of carpopedal spasm and
Trousseau's sign.

February 26. Eiectrical Reactions: C. C.
2·4

Calcium in serwm, 8·45 mg. per 100 c.c,

Case X. Harry H. 13,858. Coloured. 6 months.
Breast fed for three months, afterwards received condensed milk and Mellin's

food. A month before admission to the hospital had convulsions which occurred
almost every hour for seventy-two hours. Seemed well thereafter until the day
before admission to the hospital, when he had another convulsion.
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e.o.
4·8

A.a.
2·0

A.e.
3·4

Admitted to the hospital April 9. A well-nourished child, showing marked
evidences of rickets. Chvostek, O. Trousseau, O.

April 9. Electrical Reactione: C. e.
0·8

Oalcium in serum, 5·8 mg. per 100 c.c.
Magnesium in serum, 3·0 mg. pel' 100 c.c.
Calcium chloride given, grm. 0·5 q. 4 h.

April 17. Electrical Reactions: e. C.
2·0

A.C.
>5

A.a.
>5

e.o.
>5

Oalcium in serum, 7·5 mg. per 100 c.c.
Magnesium in serum, 2·2 mg. per 100 e.e.

April 20. Electrical Reactions: e. C.
2·0

A.e.
>5

x.o.
4·0

C.o.
>5

C.O.
2·4

C.O.
>5
>5

C.O.
<4

A.O.
3·0
2·2

A.a.
1·0

x.o,
0·5

A.C.
3·0
2·6

A.O.
0·8

May 28. Electrical Reactions:

c.e.
0·1

Oalcium in serum, 6·0 mg. per 100 c.c.
After a few days in the hospital the child was taken home against advice.

Oase XII. Edward S. 14,086. Coloured. 21 months.
Breast fed for six months, then received oatmeal, milk, potatoes, vegetables,

&c. From the description by the mother, it appeared that he had had attacks of
carpopedal spasm since he was five months of age. A month before admission
he had convulsions lasting about three hours. He had inspiratory crow.
Since then, when crying, he had had difficulty in getting his breath. He was
seen in the dispensary May 8.

Oalcium in serum, 6·5 mg. per 100 c.c.
Calcium chloride ordered, grm. 0·5 q. 4 h. May 17, he was brought to the

hospital, having had two convulsions the night before. It was practically certain
that the child had taken no calcium chloride as the mother said he would not
take food with it in at all. Trousseau,_ +. Chvostek, +.

May 17. Electrical Reactions: C. O. A. e.
0·2 1·0

Oalcium in eeru/m, 6·15 mg. per 100 c.c.
Magnesium in serum, 2·2 mg. per 100 c.e.
Oalcium chloride ordered, grm. 1·0 q. 4 h.

May 22. Electrical Reactions: C. C.
1·8
1·6

Calcium» in serum, 9 mg. per 100 c.c.

Case X1. Thelma W. 9,801. White. 2! years.
One of twins. Artificially fed from birth and a number of different mixtures

of milk and proprietary foods had been tried. For the last half-year she had
taken all the articles in the average adult diet. In the first six months of life
she had spasmodic attacks in which she became cyanosed and dyspnoeic. Never
had any convulsions at that time. About October 1, 1915, she became exceed
ingly nervous. She would start at the slightSst sound and apparently become
very much frightened. She then had convulsions; these had been" repeated
many times. She developed carpopedal spasm and Jw,d marked spasm of the
glottis.

Admitted to the hospital on January 7, 1916. A moderately nourished
child with marked rickets. Trousseau, +. Chvostek, +. Typical carpopedal
spasm.

Electrical Reactions:
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C.O.
2·5

A.a.
1'2

A.C.
2·0

Calcium in the serum; 8·2 mg. per 100 c,c,
~Iagnesium in the serum, 2·3 mg. per 100 o.e,
May 29. Calcium chloride discontinued.
June 1. On this date the carpopedal spasm and the inspiratory crow, which

had disappeared shortly after the administration of calcium on the 18th of May,
returned. Chvostek, +. Trousseau, +.

Calciurn in serum, 6·3 mg. per 100 c.e.

Electrical Reactions: C. C.
0·8

e.o.
>5

A.O.
1·8

A.C.
2·2

Phosphorus in serum, 4·0 mg. per 100 c.e, Calcium chloride ordered
again. Symptoms again disappeared.

June 11. Calcium in serum; 7·3 rng. per .100 c.c.
Magnesium in serum, 2·7 mg. per 100 c.c.

June 14. Electrical Reactions: C. C.
1·0

C.O.
1'8

A.O.
0·8

A.C.
1·2

C.C.
0·4

Case XIII. Mamie F. 8,341. Coloured. 7 months.
Breast fed for two months, then received condensed milk for two weeks, and

for the last 4! months two-fifths milk with small amount of sugar every three
hours.

On the day before admission had three convulsions accompanied by fever,
the latter due to otitis. Admitted to the hospital January :l4. There was
some inspiratory stridor. Slight evidences of rickets. Weight, 9 lb. 12 oz.
Chvostek, +. Trousseau, +.

Electrical Reactions:

January 24. Calcium in serum, 6·3 mg. per 100 c.o,
January 26. Calcium in serU'In, 6·5 rng. per 100 c.c,

C.O.
4·0

C.O.
>5

A.O.
1·2

A.O.
3·5

A.C.
2·0

A.C.
>5

C.C.
1·8

Case X IV. Francis A. 13,984. White. 7 months.
Never breast fed. Condensed milk for six weeks, since then Mellin's food

and milk. Digestion good. On April 8 had a typical convulsion; April 16, one
convulsion; April 19, two convulsions; April 21, six convulsions. Admitted to
hospital on this date.

Well-nourished child; weight, 14 lb. 10 oz. No evidences of rickets.

April 21. Electrical Reactions: C. C.
0·4

Calcium in serum, 6·8 mg. per 100 c.c.
After collection of blood, calcium chloride given, grm. 0·5 q. 4 h. No more

convulsions.
April 27. ElectTical Reaciione :

Calcium in seruan, 9·0 rrng. per 100 c.e,
Discharged April 28.
Child seen again June 4. No more convulsions. Appeared perfectly

normal.

Case X V. Sadie B. 8,978. White. 8 months.
Admitted to the hospital March 5. Had previously been in the hospital at

the age of five weeks for nutritional disturbance. Breast milk had been given
and the child had gained rapidly in weight. For several months before present
admission had been taking milk and barley-water, equal parts with 5 per cent.
sugar added. Had gained well in weight.
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C.o.
>5
>5

1·01·5.ilJarch 7. Elect1'wal Reaciume : 0·5
Calcium. 'in SerU1f1, 6·0 1ng. per 100 c.c.
The convulsions diminished in intensity and in two days ceased.
jllwrch 17. Phosphorus and cod-liver oil given, 4 c.c. t. i. d.

.JlC!J1'ch24. Eleciricol. Reaciione: C. C. A. C. A. O.
0·9 2·4 2·0

April 22, Electr'ical Reactions : 1·4 3·0 4·2
Colcium. ,in serwm, 11·0 1ng. per 100 c.c.

On March 2 child had difficulty in inspiration and there was an in
spiratory crow. She had a convulsion on the morning of admission and a severe
convulsion shortly after admission to the hospital. Trousseau, O. Chvostek, o.

Xlarch. 4. Electrical Beociions : C.C. A. C. A. O. C. o.
0·5 2·0 1·0 3·8

C.C.T.
3·0

C.C.T.
4·0

A.O.
1·6

A.C.
2·0

Case XVI. EdwarJ D. .10,018. White. 17 months.
Admitted to the hospital January 31. Large child at birth. Had a con

vulsion on the second day of life, but no more until he was seven months old,
then a slight one, and two more at seven and a half months. He had been breast
fed until one month before admission to the hospital and since that time had
been taking broth, cereals, bread, &c. When fourteen months of age he began
again to have convulsions and they continued once or twice a week. They
came on very suddenly. Each lasted about five minutes, accompanied by
cyanosis. Child a strong, vigorous infant of 24 lb. Four teeth. Slight evidences
of cyanosis. Chvostek, +. Trousseau, o.

Electrical Reactions: C. C.
0·8

Colciumi ,in 8e1"WHIJ, 7·3 1ng. pel' 100 c.e.

C.C.T.
1·3

A.O.
0·82·2

A.C.C.c.
0·6

Case XVII. Nellie F. 13,507. Coloured, 6 months.
Admitted to the hospital March 6. No other food but breast milk from

birth. Never ill before. Foul' days before admission, hands and feet became
stiff and on the day before admission she had marked inspiratory stridor and
also a severe convulsion, lasting one hour.

Child a fat, well-nourished infant, weighing 17 lb. Distinct evidences of
rickets. Hands and feet in position of carpopedal spasm. Trousseau, +.
Chvostek, +.

March. 7. Electrical Reactions,

Calciu1n fin serwm, 5·0 11tg. lJer 100 c.c.
Jlarch 10. Calcium chloride given, grm. 0·;) q. 4 h.

J.l:la1·ch 12. Electrical Reactions: O. C. A. C.
3·6 4·8

A.O.
>5

C.O.
>5

C{de,iurmin serum, 8·5 'Ing. pe'r 100 c.c.
No more convulsions. Rapid disappearance of carpopedal spasm and

laryngospasm.
Seen again June 13, 1917. No evidences of tetany since discharge from

hospital.

Case X~VIII. Virginia]f. 14,469. Coloured. 5 months.
Seen in dispensary June 11. Lactated very irregularly and received in

addition cow's milk, soup, bread, &c. On June 9 child had a general con
vulsion, lasting six minutes; June 10, another short convulsion. Slight
evidences of rickets. Chvostek, +.

[Q. J. M., July, 1918.] y
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Jume 11. Electrical Reactions: C. C. A. C. A. O. C. O.
1·4 2·} 1·0 4·5

Calciwm. in seru/m, 4·6 mg. pe1' 100 c.c.
Phosphorus in serum, 2·7 mg. per 100 c.e.
Magnesium in serum, 2·7 mg. per 100 e.e.
Calcium chloride ordered, grm. 0·5 q. 4 h. No more convulsions.
June 18. Seemed well in every way.
Electrical Reactions: O. C. A. C. A. O. C. O.

1·8 >5 >5 >5
Oolcium» in serum, 8·0 rng. per 100 c.c. Chvostek, O.
Magnesium in serum, 2·7 mg. per 100 e.c,

Table III gives in tabular form the calcium in the serum, during active
symptoms, with the eighteen cases of idiopathic tetany which we have studied.
In all the C. O. C. was less than five milliamperes.

TABLE III. ACTIVE TETANY.

Case 13

Average

Case 14
Case 15
Case 16
Case 17
Case 18

Casel
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8

Case 9

Milligrams of Oalc'ium per 100 c.c. of Serum.

. 6·0 Case 10
5·7 Case 11
5·5 Case 12
5·0

. 5·0
5·8
3·5
5.0
6·3
5·0
4·5
4·7

5·8
0·0
6·5
6·15
6·3
6·5
6·8
6·0
7·3
5·0
4·()

5·6

It will be noticed that the calcium was very greatly reduced in all instances,
and with one exception was 7·0 mg. or less per 100 e.e., a reduction, roughly, in
the neighbourhood of 40 per cent. It will also be noticed that the calcium was,
in all instances, less than we have ever found with rickets and so much lower
that, with one or two exceptions, there could be no danger of confusing even
the highest determinations with the lowest which we obtained in rickets. From
the regularity of our findings it appears that convulsions may be expected
when the calcium content of the serum becomes less than 7·0 mg. per 100 c.c.,
or, to put it in another way, when there are convulsions and other symptoms
due to tetany, the calcium of the serum is 7·0 mg. or less per 100 c.c. The
amount of calcium in the serum that we found in idiopathic tetany is strikingly
close to that which was found by MacCallum and Vogel (35) in the serum of
dogs after parathyroidectomy," They determined the calcium in whole blood.

(j MacCallum and Voegtlin (17) determined the calcium in whole blood by the per
manganate method. It is probable that an error crept into their calculations as their results
in the normal, as well as in the dogs with tetany, were twice what one would expect. With
due allowance for this and for the fact that they used whole blood, it appears that their results
would have closely approximated 5·S, 6·5, 5·6, 4·6, and 5·2 mg. of calcium per 100 c.c, of serum.
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Considering the calcium of serum twice that in an equivalent amount of whole
blood, their results may be reckoned as 3'1,6·4, 4·5, and 7·8 mg. per 100 e.c.

The results obtained by Binger (18) are also strikingly similar. He found
that dogs, after injection with a sodium phosphate solution of the proper
hydrogen ion concentration, developed tetany when the calcium in the serum
was 5.6, 6·1, 5.5, and 5·3 mg. respectively, and that tetany did not develop when
the calcium of the serum was reduced by the same measures to 7·8, 7·7, and
7·7 mg. respectively. We have also found, in studying the serum of two dogs
subjected to parathyroidectomy, that the symptoms of tetany developed when
the calcium was reduced to about 7·0 mg. Thus, one dog, before operation, had
10·8 mg. of calcium per 100 e.c, of serum; after forty-eight hours, a short time
before the onset of tetany, 7·3 mg. The second had, before operation, 10·0;
after twenty-four hours, 8·9; and after six days and with the onset of tetany,
6·8 mg. per] 00 c.c, of serum.

The Calciwm. of the Blood in Oonvulsive Dieorders other than l..fetany.

The constancy of diminution of the calcium of the serum in tetany affords.
some means of differentiating tetany from other convulsive disorders in infancy.
We have studied other cases of convulsions, manifestly not due to tetany, and
have found the following:

TABLE IV. Oases of Conouleions not due to l..'efctny.

Electrical Reactions.
Mg.of Calcium

Patient. Age. Diagnosis. C.C. A.C. A.a. C.O. per 100 c.c, of
Serum.

S. S. 4 months Mental deficiency 1·8 >5 >5 10·1

C. de F. 1 year Petit mal 2·4 >5 >5 >5 11·0
n.x. 2~ years Epilepsy 1·0 4·2 3·0 >5 10·2

J. B. 5 years Epilepsy 8·9
R.G. 7 months Convulsions of un- 9·6

explained origin

M.S. 6 months Convulsionsof un- 1·8 4·6 3·6 >5 10·7
explained origin

H. B. 7 months Convulsions of un- 1·0 >5 3·8 >5 9·2
explained origin

In the light of these results is it possible to refer tetany to a diminution
of calcium in the blood 1 Perhaps the strongest evidence, in addition to the
great parallelism which we have found between the symptoms and the low
calcium content of the serum, is obtained by Binger after the injection
of orthophosphates. When the calcium was reduced to a figure closely
corresponding to what we found wifh active tetany, the characteristic symptoms
of tetany in the dog appeared, and this when the parathyroids were entirely
untouched. The prompt improvement in infantile tetany after calcium medi-

Y 2
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cation, as will be shown, and the absence of symptoms when the calcium in the
blood remains above 7·5 mg., are also strong evidence as to the part that calcium
plays in the production and dissipation of symptoms.

It seems sufficiently plain that the diminution in the calcium of the serum
is a constant phenomenon in infantile tetany. What is it that brings about this
diminution 1 There is, as we have indicated in the preliminary discussion, not
yet sufficient evidence to prove the dependence of infantile tetany upon organic
or even functional disease of the parathyroids, but the many points of similarity
between human tetany and that occurring in dogs after parathyroidectomy,
together with the close agreement in the calcium determinations, justify an open
mind in regard to their influence.

Phoephaiee i n. the Blood -ilL 'l'eta/lilY.

We have sought other explanations for the calcium diminution. As has
been mentioned, Binger produced tetany by the intravenous injection of ortho
phosphates, and we have already shown that in severe nephritis with acidosis the
calcium of the serum was greatly diminished when the inorganic phosphorus
of the serum was high. The question, therefore, arises: Is there an accumulation
of inorganic phosphates of the serum in tetany sufficient to account for the
reduction of the calcium 1 This question can be answered at once in the
negative. We have determined the inorganic phosphorus, as the protocols show,
in active tetany, the calcium being low, and have not found an amount of
phosphorus in the serum significantly above the normal limits, which are from

1 to 3·5 mg. per 100 c.e, of serum. We have found in tetany 1·0, 3·0, 4·0, and
2·7 mg. in different cases. There is also evidence that points to the fact that the
reduction of calcium alone is not sufficient to bring about the symptoms of
tetany unless certain other conditions are satisfied. Thus, with nephritis, even
though the calcium of the serum may be diminished to a point below that which
is found in tetany (in one of our cases there were but 1·5 mg. of calcium per
100 c.c, of serum), no symptoms of tetany usually result. This absence of tetany
with calcium deficiency alone has been ahundantly shown by Binger's experi
ments, a certain reaction of the injected fluid being necessary to produce tetany
even though the calcium of the serum is greatly reduced.

The Relation of Alkalies to l 'etan y.

Wilson, Stearns, and Thurlow (39) showed that in dogs, at certain stages of
tetany induced by parathyroidectomy, there was an increased alkalinity of the
blood, called by them 'alkalosis '. This disappeared after the onset of con
vulsions. \Ve have made determinations of' the hydrogen ion concentration of
the serum of infants with tetany by the dialysis indicator method, but have not
found an 'alkalosis '. That tetany may, however, at times result from an
alteration in the reaction of the blood we have had opportunity to observe.
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After the therapeutic administration of bicarbonate of soda for acidosis, it is not
unusual to see the development of characteristic symptoms of tetany. Thus, we

have seen typical carpopedal spasm when bicarbonate of soda has been injected
intravenously for the acidosis of diarrhoea. The three following histories show
well the influence of soda in the production of tetany:

George L. 10,100.\Vhite. 3 years.
Badly burned as the result of setting fire to clothing. Admitted to surgical

service of' hospital with hyperpnoea and acidosis. RpH of serum, 7·9 (40).
Bicarbonate of soda, grm. 13·0, given by mouth in divided doses. The symptoms
of acidosis disappeared and within twelve hours he developed marked carpopedal
spasm, a positive Ohvostek sign, and the electrical reactions of tetany:

0.0. A.C. x.o. O.O.T.
0·8 2·2 1·6 4·0

Calciuonin» serumi 7·5 1I1g. per' 100 c.r.
Soda discontinued. In two days the symptoms disappeared and in three

days the electrical reactions were normal.

Angelina B. 13,212. "Vhite. 9 months.
Admitted to the hospital with high fever and with severe, watery diarrhoea.

Stools green; seven or more a day for several days. Leucocytes, 23,800. Signs
of consolidation over the right upper lobe. On account of the severe diarrhoea
and the possibility of the development of acidosis, the child received sodi urn
bicarbonate, grm. 0·7 every four hours. Within twenty-four hours she was
noticed to be stiff, and to have carpopedal spasm. Chvostek, O. Trousseau, +.

Electrical Reactions: C. O. A. O. A. O. O. C. r,
0·2 1·0 0·6 1·4

Ualcilvrnin eerusn, 6·0 rng. per 100 c.c.
Phosphorus, 2·0 mg. pel' 100 c.c,
The soda was at once discontinued and calcium chloride was given, 1·0 grul.

five times a day. Her symptoms promptly disappeared. Two days later there
was no carpopedal Rpasm, no Trousseau sign, and the electrical reactions were:

C.O. A.C. A.a. C.O.
2·5 >5 >5 >5

Caleiuin. 1:'11 serus« 10·0 rng. pel' 100 c.c.

Goldie K. 14,909. 4 years 9 months.
Seen first in the dispensary on July 14, with a normal temperature but

with a large amount of pus in the urine. Urine strongly acid. Sodium bi
carbonate ordered and she took in a week 32 grm. Urine remained acid until
the morning of July 20, when it was examined and found to be amphoteric.
That same evening she suddenly complained of pain in her hands and feet.
She had no fever and was perfectly conscious. She was brought to the hospital
with her hands and feet ill a typical carpopedal spasm.

Electrical React-ions: C. C. A. C. A. O. C. C. T.
1·5 4·0 1·5 3·0

of the blood serum by the dialysis indicatorHydrogen ion concentration
method: pH, 7·6; RpH, 8·4 (40).

Oalciwm in serum, 7·25 mg. pel' 100 c.c.
Phosphorus, 1·1 mg. per 100 c.c.
Soda at once discontinued and calcium chloride ordered, grm. 1·0 q. 4 h.
July 21. At 10 o'clock a.m. there was no carpopedal spasm. Chvostek, O.

Tronsseau, +.
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Electrical Reactions : e.c.
0·8

A.C.
4·0

A.O.
2·8

o.cr,
>5

C.O.
>5

A.O.
3·0

A.C.
4·0

C.C.
0·9

Calcium in the eerum; 8·9 'Yng. per 100 c.c.
July 22. Trousseau,

Electrical Reactions:

Child seemed entirely normal except for pus In the urine, which had
become acid.

Jnly 23. Electrical Reactions: C.C. A. C. A. O. C. O.
2·0 >5 >5 >5

It was noticed on this morning that the child was fretful when touched, but
was rather drowsy and showed marked hyperpnoea. Blood serum by the
dialysis-indicator method: pH, -6·8; RpH, -6·9.

Calciu-m. in the serusn, 10·2 rng.per 100 c.c.
Phosphorus, 6·2 mg. per 100 e,c.
At this time there was no acetone to be determined in the breath. Acetone

bodies in the blood, 26·8 mg. per 100 e.e. An injection of 175 o.e. of 4 per cent.
sodium bicarbonate solution was given intravenously. The calcium was discon
tinued. At 2 p.m. the hyperpnoea was still very marked. Blood serum: pH, 7·4;
RpH,7.8. Another injection of175 e.e. 4 percent. soda solution was given. Shortly
after this she began to improve. The hyperpnoea almost entirely disappeared.
Sodium bicarbonate was ordered by mouth, grm. 4 q. 4 h. At this time acetone
in the breath was present in very large amount (Scott-Wilson reagent) and the
acetone bodies in the blood were 111·1 mg. per 100 e.e, Calcium: 8·7 mg. per
100 c.c. The soda was reduced to grm. 1·0 q. 4 h. after three doses of a larger
amount had been given. At 4 p.m. 25 grm. of dextrose and sucrose aa were
given in orange juice. Child quiet and comfortable during the night

July 24. In the morning her hands had again assumed a tetany position.

Electrical Reactions: C. C. A. C. A. O. C. U. T.
0·3 1·3 0·9 2·0

The soda was reduced to grm. 1·0 t. i. d. While the carpopedal spasm
promptly disappeared the Trousseau sign remained present and the C. O. C. re
mained at a point less than 5 milliamperes until August 3, when the Trousseau sign
was no longer obtainable. The same day the urine became acid and the electrical
reactions were: C. C. A. C. A. O. O.O.

1·4 3·0 2·5 > 5

The onset of symptoms of tetany following the administration of soda and
their prompt cessation when the soda was stopped, with the changes in the
calciurn content of the serum and the electrical reactions, indicate that soda is
capable of producing these symptoms.

It is apparent that the symptoms of tetany and the lowering of the calcium
content of the serum may be produced in a variety of ways, but we have not
been able to show that any of these means is operative in uncomplicated
infantile tetany.
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.J.lfagnes'ium of the Blood in Tetany.

Calcium and magnesium, both constituents of the serum, are chemically
closely related, and from the physiological standpoint it has been shown that
their action is frequently similar, though at times it may be distinctly antago
nistic. For this reason it appeared advisable to determine also the magnesium
in the serum. It was necessary to devise a special method for this, as the
amount in the serum is so small that gravimetric determinations are out of
the question. This we have done (37). l'he method is sufficiently accurate to
determine the magnesium in 2 c.c. of serum with an error of not more than
5 per cent. The determination may be made with the same sample of serum in
which the calcium is determined. It has been found that the amount of
magnesium in the serum shows but little variation. Not only is this true
during health, but it is also true in disease. We have not found less than
1·75 mg. or more than 4·0 mg. of magnesium per 100 c.c, of serum. The slight
variations in the magnesium seem to bear no relationship to the alterations in
the calcium, as Table V shows. It is therefore possible to say that magnesium
plays no determining role in the production of the symptoms of tetany.

TABLE V. Oolcium. and .1.111agnesiunt in Serum expressed as Milligrams
per 100 c.c,

Patient. Age. Date. Condition. Calcium. Magnesium.

Placental 5/28 2·7
blood

Placental 5/28 3·5
blood
R.G. 7 months 5/21 Convulsions, cause un- 9·6 2·6

known
H.B. 7 months 4/11 Convulsions, cause un- 9·2 2·2

known
C. de F. 1 year 6/4 Petit mal H·O 2·7

Adult 4/19 Normal 9·8 2·8
Adult 4/19 Normal 10·5 2·2

R. Q. 1 year 3/17 Mild rickets 9·8 1·75
D. S. 4 months 3/19 Active rickets 9·0 2·6
S. J. 2 years 3/20 Severe rickets 9·3 2·5
G.D. 4 months 3/21 Active rickets 8·0 2·5
C. F. 6 months 4/12 Active rickets 7·9 1·95
H.L. 4 months 4/18 Active rickets 8·2 2·2
S. G. 5 months 5/22 Mild rickets 8·2 3·5
M.S. 6 months 3/17 Active tetany 4·5 1·9
G. S. 5 months 4/3 Active tetany 3·5 2·7
H.H. 6 months 4/10 Acti ve tetany 5·8 3·0
V.F. 6 months 6/11 Active tetany 4·6 2·7
E. S. 22 months 6/11 Relapsing tetany 7·3 2·7
A. B. 9 months 5/24 'I'etany after soda 6·0 2·2
N. F. 6 months 3/12 Convalescent tetany 8·5 2·3
M.S. 6 months 3/22 Convalescent tetany 7·0 2·2
M.S. 6 months 3/29 Convalescent tetany 8·5 1·75
H.H. 6 months 4/17 Convalescent tetany 7·5 2·2
G. S. 5 months - Convalescent tetany 7·5 2·2
S. J. 9 months 5/22 Convalescent tetany 8·0 2·7
S. J. 9 months 5/28 Convalescent tetany 8·0 3·0
E. S. 21 months 5/28 Convalescent tetany 8·2 2·3
V.F. 6 months 6/18 Convalescent tetany 8·0 2·7
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Significance of the Electrical Beaction»,

Our results are sufficiently numerous to allow certain conclusions to be
drawn regarding the specificity of the electrical reactions of tetany. In Table VI
are shown, in parallel columns, the electrical reactions and calcium determina
tions made at the same time.

TABLE VI. Active Tetany.

Calcium expressed as Milligrams pel' 100 ('.r. of Serum:'

Age. Electrical Reactions. Calcium.

C.C. A.C. A.O. C.O.
S months 0·8 2·0 0·8 4·5 6·0

5 months 0·4 3·0 1·0 4·5 5·7

9 months 0·8 1·8 1·1 2·0 5·5

13 months 0·5 3·2 1·6 3·6 5·0

5 months 0·3 0·4 1·1 1·5 5·0

3 years and
4 months 0·3 2·5 0·7 2·0 5·8

5 months 1·0 3-0 1·0 3·4 3·5

6 months 0·1 0·8 0·5 1·0 5·0

7 months 0·6 4·8 1·1 4·8 6·3

8 months 0·2 1·6 0·5 1·4 4·5

6t months 0·4 0·5 0·6 0·9 4·7

6 months 0·8 3·4 2·0 4·8 5·8

2t years 0·1 0·8 0·5 <4 6·0

21 months 0·2 1·0 1·0 2·4 6·15

22 months 0·8 2·0 1·2 2·5 6·3

7 months 0·4 1·2 0·8 1·8 6·3
7 months 0·4 2·0 1·2 4·0 6·8

C.C.T.
8 months 0·5 1·5 1·0 3·0 6·0

17 months 0·8 2·0 1·6 4·0 7·3

C.C.T.
6 months 0·6 2·2 0·8 1·3 5·0
5 months 1·4 2-1 1·0 4·5 4·6

It will be seen that in all instances when the C. O. C. or O.C. T. occurred
with a current of less than five milliamperes, there were unmistakable evidences
of tetany and a very distinct reduction in the calcium of the serum. This is
another way of demonstrating the specificity of the cathodal hyperexcitability
of Thiemich and Mann (11, 12), which, from clinical experience, has been con
sidered satisfactory evidence of the presence of tetany. Regarding the deductions
properly to be drawn from the anodal hyperexcitability of von Pirquet (13),
there is less unanimity of opinion. It is not such a very uncommon finding
with children who are normal, so far as can be made out from the history and
from physical examination. "re believe, however, that in a considerable pro-
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portion of the cases anodal hyperexcitability indicates some disturbance in the
calcium metabolism, for although many of the children with anodal hyper
excitability whom we have investigated have never shown any evidences of
tetany, they have had, with two exceptions, a calcium content of the serum less
than can be regarded as normal. Those children with rickets or other diseases
who have had no anodal hyperexcitability have, with two exceptions, had
a calcium content of the serum greater than 10·0 mg. Further, children who have
had a frank tetany with cathodal hyperexcitability, and who have recovered or
improved, have lost their cathodal hyperexcitability but retained an anodal
hyperexcitability for a considerable length of time; during this period of
anodal hyperexcitability the calcium content of the serum has remained some
what below normal. These facts are brought out in the following tables:

TABf,E VII. Anodal Hypetrexcitc};bility 1,vith Calciusn belou: Normal.

OalC'i1.t11 I- expTessed in MUlig1'a1fls per 100 c. c. of Se1"WIiI.

Age. Electrical Reactions. Calcium.

C.C. A.C. A.O. C.O.

4 months Active rickets 1·0 4·0 2·5 >5 9·0

1 year Very mild rickets 1·2 4·2 1·2 >5 9·8
4 months Active rickets 2·0 >5 3·4 >5 9·0
4 months Active rickets 1·2 4·2 2·6 >5 9·0

4 months Active rickets 1·8 >5 2·6 >5 7·9
6! months Moderate rickets 2·0 4·6 3·4 >5 8·6

7 months Moderate rickets 1·0 >5 3·8 >5 9·2

8 months Moderate rickets 1·4 >5 3·0 >5 9·6

6 months Convulsions, cause unknown 1·6 4·0 3·5 >5 10·7

5 months Neuropathic 1-2 4·2 3·2 >;) 10·7

TABLE VIII. Anodal Hype?'excit(xlJility in Cotuioleeceni 1'etwny.

Calcium eepreseed in jvhlligrart~s pe1' 100 c. c. of Serum,

Age. Electrical Reactions. Calcium.

C.C. A.C. A.O. C.O.

5 months 1·8 >5 4·5 >5 7·5

10 months 2·0 >5 4·0 >5 8·0
13 months 2·0 >5 3·0 >5 7·0

8 mouths 1·4 >5 2·8 >5 ~·5

21 months 1·6 2·6 2.2 >5 8·2

7 months 1·8 >5 3·5 >5 9·0

4 years 9 months 0·8 4·0 2·8 >5 8·9

That anodal hyperexcitability does not necessarily indicate the development
of the symptoms of tetany, and that it is found with apparently perfectly normal
infants who continue normal, are undoubtedly true, as Holmes (14) pointed out
from the clinical study of patients. It is also true, as we have shown, that



314 QUARTERLY JOURNAL OF MEDICINE

anodal hyperexcitability may be found with a quite normal calcium content of
the serum. It cannot, therefore, be considered complete evidence of tetany.
But as patients probably demonstrate an anodal hyperexcitability before they
do a cathodal hyperexcitability, and as during convalescence from tetany they
surely lose their cathodal irritability first and continue with an anodal irritability
for some time, and as with the majority of infants who have been shown to have
an anodal hyperexcitability we have demonstrated a calcium content of the
serum less than normal, it is our opinion that anodal hyperexcitability in an
infant should awaken the suspicion of a lowered calcium content and therefore
a tendency towards tetany.

Calciull/; Treatment of 1'etany.

The influence of calcium upon the symptoms of tetany has been studied in
two ways. The first method which has already been mentioned was employed
in an endeavour to disprove Stoeltzner's hypothesis. Bogen (25), Risel (26),
Rosenstern (27), von Pirquet (13), Zybell (28), and others gave calcium in various
forms and in various doses; but they gave usually only one dose and determined
the effect of its administration upon the electrical reactions. From the single
dose no effect, or only a temporary effect, upon the clinical symptoms was
observed. Others, notably Netter (41) and Goppert (42), have consistently used
calcium in the treatment of tetany and have reported striking results from its
use, when repeated doses have been administered. Its usefulness has not been
demonstrated except by the dissipation of clinical symptoms, i. e. its effect
upon the electrical reactions or upon the other signs has not been noted.
With the proof that in active tetany the calcium in the serum is consistently
low, it has been the logical thing to give calcium and to give calcium repeatedly;
for if there is a constant calcium loss, as has been shown by Schabad (30) and
others, it is only by the continued administration of calcium that a sufficient
quantity to prevent symptoms can be kept circulating in the blood. If the
administration of calcium is interrupted it soon sinks again to its previous low
level. We have, therefore, given calcium by mouth in doses of from 0·5 grm. to
1·0 grm. every four hours. We have also determined the effect of this adminis
tration of calcium upon the electrical reactions and upon the calcium content of
the serum as well as upon the clinical symptoms. It rnay be siaied urdhoui re
servation that calciura hats a very prompt effect in preventing all of the 8y(rnptom~

of active tetany. In the course of a few hours the symptoms diminish in
intensity, and almost always in thirty-six or forty-eight hours they have entirely
disappeared. The electrical reactions also undergo an alteration so that C. C. T.
or a C. O. C. with a current of less than five milliamperes is no longer obtained.
The calcium content of the serum also rises. In some instances it has reached
nearly normal in the course of a few days. In the majority of instances, how
ever, it has not reached normal, but has remained between 7·5 and 9 mg. for
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a long time despite the continued administration of calcium. The symptoms,
however, have been held entirely in abeyance. We know of hardly another
drug which acts in disease with the promptness and with the regularity that
calcium does in tetany. The calcium administration must, however, be con
tinued. The cessation of the drug for a few days, perhaps even hours, will
allow the return of symptoms, as Case XII (Sykes) demonstrates, and it IS

altogether probable that in many instances it must be continued until in the
ordinary course of events the tendency to tetany disappears. This is added
evidence to us that the calcium deficiency in tetany is not a primary condition.
It is brought about by some unknown factor which diminishes to a very marked
degree the calcium content of the serum, which is operative chiefly during
certain months of the year and which gradually loses its effect or disappears.
vVe present in Table IX the effect of calcium administration upon the calcium
content of the serum and upon the electrical reactions.

'fABLE IX. NJfect of the Ad'ministration of Calcitf/tn.

Patient. Age. Date. Electrical Reactions.
Calcium

in
Serum.

Symptoms and
Medication.

0·4 0·5 0·6 0·9

2·2 5·0 > 5 > 5

1·2 > 5 3·8 >5

2·4 2·8 > 5 > 5

Convulsions. Ci:l,CI 2, gnu.
0·5 q. 4 h.

No symptoms

Tetany following soda.
Soda discontinued.
CaCl i , gnu. 1·0 q. 4 h.

No symptoms

Convulsions. Carpo-
pedal and laryngo
spasm. 3/10 CaCl2 I

grill. 0·5 q. 4 h.
No more symptoms

Convulsions. CaCI~,

grm, 0·5 q. 4 h.
No convulsions

Convulsions. 3/10
CaC1 2 1 grm. 0·5 q. 4 h.

CaCl2 continued but no
symptoms

6·0

9·0

6·8

8·5

4·6

7·5

8·0

5·8

9·0

5·5 Repeated convulsions.
CaCl 2 , grm, 0·5 q. 4 h.

No convulsions or other
symptoms of tetany

8·5 No convulsions after
calcium was given

4·6 Convulsions. Carpo-
pedal spasm. Trous
seau +. 3/21 CaCl2 ,

grm. 0·5 q. 4 h.
~·45

10·0

5·25

>5 >5

0·4 2·5

3·5 > 5

C.C.T.
0·6 1·4

>5 >5

1·0 4·5

>5 >5

2·0 4·8

>5 >5

A.O. C.O.
1·2 4·0

2·5 >5

0·2 1·0

0·2 1·0

2·0 >5

1·8 > 5

0·8. 3·4

1·8 > 5

2·0 > 5 4·0 > 5

0·8 1·8 1·1 2·0

3·6 4·8

1·4 2·1

C.C. A.C.
0·4 2·0

5/24

4/21

4/27

3/20

4/20

4/30

5/4

3/12

6/11

6/18

3/9

4/17

5/26

3/7

3/26

"

"

"

"

6 months

7 months

9 months

9 months

6 months

6 months

18 months

"

"

"

"

"

"

"

"

"

A. B.

F. A.

V. F.

H. H.

N. F.

S. J.

1. J.
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rrABLE IX (continued).

Patient. Age. Date. Electrical Reactions.
Calcium

In
Serum.

Symptoms and
Medication.

C. C. A. C. A. O. C. O.
0·5 3·2 I·G 3·G

2·0 >5

E.N.

"

G. S.

"

M. S.

"
"
"

"

"
"

E.S.

"

"
"

13 months

,.

5 months

6 months

"7! months
8 months

"
"

21 months

"
l'

"
"

4/23

4/27

4/3

4/15

1/21

2/13

3/9

3/17

3/22

3/23
3/29

5/8

5/18

5/21
5/28
6/1

1·0

2·2

0·1

0·6

0·2

0·4

0·8

1·4

0·2

0·8
1·6
0·8

3·2

>5

0·8

4·8

1·6

2·8

>5
>5

1·0

2·8

2·6
2·0

3·0 >5

1·0 3·4

>5 >5

0·5 1·0

1·1 4·8

0·5 1·4

1·2 2·8

1·8 >5
2·8 >5

1·0 2·4

2·4 >5
2·2 >5
1·2 2·5

5·0

7·0

3·5

5·0

6·3

5·0

4·5

7·0

8·5

6·5

6·15

8·2
6·3

Convulsions. Carpo-
pedal spasm and
laryngospasm. Trous
seau +. CaClz•grm. 0·5
q.4h.

No more convulsions
after calcium

Convulsions and pneu-
monia. 4/5 CaClz,
grm. 1·0 q. 4h.

No further convulsions.
Died as result of pneu
monia

Carpopedaland laryngo-
spasm

Continued symptoms

Continued symptoms

Convulsions. Calcium
lactate, gnu. 1·0 t. i. d.

Calcium lactate dis
continued. CaCJz, grm.
O·5q.4h.

No symptoms after the
administration of cal
cium

Carpopedaland laryngo
spasm

Convulsions. CaCJz•
grm. 1·0 q. 4h.

No more symptoms
Calcium discontinued
Pedal and laryngo-
spasm and Trousseau

We employed calcium lactate at first. It did not appear to us that the
effects were so prompt as those produced by calcium chloride. For this reason
we have given calcium chloride in the great majority of instances. This has
been administered in the food. It has not usually been difficult to give it in
this way. There has not been marked vomiting with any of the children at any
time. We have continued the calcium in most instances for several weeks, and
have then gradually diminished the amount and frequency of administration
until it was discontinued entirely.

When the calcium has thus been administered we have not seen a return of
the symptoms, though it must be admitted that in almost all instances it was
continued until the time when one would expect the tetany to disappear in any
event, i.e. until the months of Mayor June.

If is undoubtedly true that in many instances phosphorus and cod-liver oil
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have a distinct effect in improving tetany. At times, however, their influence

is slight. In any event it is slow, and is often not sufficiently marked or

sufficiently prompt to prevent the development of dangerous or perhaps fatal

symptoms. Whilst, therefore, these substances are indicated they can by no

means take the place of calcium. What their effect is upon the calcium of the

serum we propm;e to investigate at some future time. In the presence of severe

or dangerous symptoms, chloral, morphine, and chloroform and magnesium

sulphate hypodermically must be used in sufficient amount and frequently

enough repeated to hold the symptoms in check until calcium in full doses

produces its sedative effect. 'I'his is usually within thirty-six or forty-eight

hours." Thereafter only the calcium need be given. Further investigations

will show whether the influence of phosphorus and cod-liver oil is similar to

that of the calcium, and that when its administration is discontinued the calcium

in the serum again sinks to a low level, or whether it has a more fundamental

effect than the calcium administration and overcomes the factors that are

responsible for the deficiency of circulating calcium.

Our conception of tetany is that some factor, ~~ present unknown, causes

a reduction of the calcium content of the blood. When this reaches an amount

roughly between 6·0 and 7·0 mg. of calcium per 100 c.e. of serum, frank evidences

of tetany arise. This amount, however, is not the same with all individuals.

With some it may be as low as 5·5 or 6·0; with others, as high as 7·5. These
.symptoms occur in outbursts so long as the calcium remains low. When the

calcium rises the symptoms disappear. 'I'he height to which the calcium must

rise in order that the symptoms must disappear is also somewhat variable. We

believe that many of the symptoms are directly referable to the diminished

calcium content of the blood and that they may be prevented or caused to

disappear by repeated doses of calcium.

SUI/Hnwry.

The various theories as to the pathogenesis of infantile tetany refer it (a) to
disease of the parathyroid glands, (b) to the character of the food, (c) to intoxica

tion by calcium, (d) to intoxication by guanidin or methylguanidin, (e) to

a lack of calcium. The evidence at present available fails to confirm the
majority of these theories. We have approached the problem from the stand
point of the calcium content of the blood serum.

By a method which we have devised we have been able to show that

the normal calcium content of the serum is from 10 to 11 mg. per 100 e.c.

In rickets there is a moderate reduction of the calcium in some cases

(to 8 mg.), but a number of the apparently active cases which we have studied
have shown a normal amount of calcium.

6 We have not used calcium intravenously. There is every reason to believe that its effect
would be satisfactory and prompt and, with proper precautions, without danger. Yve shall
make experiments with this method of administration.
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In tetany, during the active symptoms, the calcium of the serum invariably
is greatly reduced and may fall as low as 3·5 mg. The average calcium content
of the serum in eighteen cases was 5·6 mg.

In cop.vulsive disorders other than tetany there is no reduction in the
calcium of the serum.

The cause of the calcium reduction in tetany has not been explained. The
inorganic phosphates of the serum are not significantly increased.

The magnesium of the serum in active tetany is within normal limits.
Tetany results at times from the administration of large amounts of sodium

bicarbonate. We have found no evidence that 'alkalosis' is a factor in the
production of infantile tetany.

Oathodal hyperexcitability has invariably been accompanied by a marked
reduction of the calcium of the serum.

Anodal hyperexcitability has been accompanied, in the majority of instances,
by a slight reduction of the calcium of the serum.

Calcium administration produces a prompt effect upon the course of tetany.
In a few hours the spasmodic symptoms disappear. The calcium must be con
tinued, however, for a long time.

Oalcium chloride administered by mouth causes an increase in the calcium
of the serum coincident with the cessation of symptoms, although, in most
instances, the calcium of the serum does not return to quite normal figures.
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